There are several benefits to district heating systems. The system design requires knowledge of community peak heating load and annual heating energy requirements. For this purpose, a residential energy model was developed using several energy usage databases. Hourly, peak, and annual heating demands were estimated by simulating 15 archetype houses using an hour-byhour building simulation program, ENERPASS. Estimated heating profiles from model houses were used to design a district heating system for a hypothetical rural community in Nova Scotia. The findings show that building simulation is a very flexible and valuable tool in identifying the required peak and hourly energy demand of a community for the design of district energy system, and biomass district heating system can reduce community greenhouse gas emissions. 
INTRODUCTION
Canada has one of the coldest climates in the world; a large amount of energy is used for space heating (SH) and domestic water heating (DWH) because of its long winters. According to NRCan [1] , in the year 2002, the total end-use energy demand in Canada was 8,217 PJ. Residential and commercial sectors accounted for 17 percent and 14 percent of the total enduse energy demand, respectively. Space heating and hot water heating accounted for approximately 81 percent and 61 percent of the end-use energy demand in residential and commercial sectors, respectively [1] . These heating needs are largely met through on-site boilers, furnaces, and electric baseboard heaters installed in the buildings.
On-site production of heating is common in Canada because of the historical abundance of cheap fuels, like natural gas, heating oil, and wood, and low population densities. However, fuel prices are increasing rapidly. Between 2001 and 2005, natural gas and heating oil prices have increased by more than 200 percent (EIA [2] and Canadian Gas Association [3] ). As a result of increasing fuel prices and tough emission standards, there has been an increasing focus on improving the energy efficiency.
District Heating
District heating has been documented by Arkay and Blais [4] as an energy efficient technology to meet heating requirements, while providing many potential environmental and economic benefits to communities and energy customers. A district heating system consists of three subsystems:
• A thermal energy production plant (or plants): Thermal energy plant generates heating energy in the form of steam or hot water in order to meet customer's heating requirements. Thermal energy production plants can be either heat only plant or cogeneration plant.
Heat only plants produce thermal energy in the form of steam or hot water from the combustion of various fuels including natural gas, oil, wood waste, peat, or refuse according to MacRae [5] . Other possible heat generation technologies are geothermal resources, solar heaters, and heat pumps (MacRae [5] and Diamant and Kut [6] ).
Cogeneration plants convert the primary energy (fuel energy) into both electrical energy and useful thermal energy simultaneously ( [6] ). In cogeneration systems waste heat produced from electricity generation process is utilized in industrial processes or to heat buildings in surrounding area through a district energy system ( [6] ).
• Thermal energy transportation and distribution piping network: Heating energy generated from the thermal energy generation plants is supplied to customer sites through supply pipes and is returned to the source through return pipes after the thermal energy has been extracted at customer interface ( [6] ).
The potential heat loss in a piping network is of importance in the design of a new district energy system. Heat losses, combined with customer loads, determine the size of the heat source (Diamant and Kut [6] , lEA 1996 [7], Bohm [8] , Bohm [9] , Bohm and Borgstrom [10] ; lEA [11], ASHRAE 12] ).
Most of the district energy systems installed in North America use steam as the thermal energy carrier; however, hot water systems are now more popular in new systems because of low heat transmission losses (Arkay [4] ).
• Consumers: District heating systems are specifically designed for applications according to the nature of the consumer loads. The consumer load includes single family houses, multi-family houses, large buildings and commercial buildings, school buildings, offices, hospitals, and industrial loads.
The main objectives of the study are:
• To determine hourly and annual space heating and DHW demands for houses located in rural communities of Nova Scotia.
• To design a hypothetical Nova Scotian rural community and to estimate the annual fuel requirements for the district heating system.
• To assess the reduction in the GHG emissions that can be achieved by replacing a conventional heating system installation with a district heating system.
MODEL DESIGN AND ANALYSIS

Heating Demand Estimation
The collection and analysis of end use energy requirements is a very important part of the district heating development process. The following energy demand factors are necessary for designing a district heating system (Arkay [4] ):
• Peak and annual heating energy requirements.
• Daily and seasonal variation in energy demand.
• Compatibility of customer's existing heating system with district heating system (retrofit requirements).
In this study, The 1993 SHEU (Statistics Canada [13] ) and 1994 NHS (NRCan [14] ) databases were used as a base for developing 15 archetype houses. Most of the architectural details of the houses, including total heated area, number of windows and window characteristics, number of doors, and indoor temperature, were obtained from 1993 SHEU and 1994 NHS databases. Remaining information in model house development was taken from other sources (Fung [15] , Fung et al. [16] , Fung and Ugursal [17] , NRCan [18] , Scanada Consultants Limited [19] , ASHRAE [12] ). Then, the peak, annual, and hourly space heating energy requirements for the 15 model houses were estimated using the ENERPASS building simulation program. ENERPASS (Enermodal Engineering [20] ) hourly building simulation program was used in this research because of simplicity, availability, and proven simulation results. Domestic hot water demands were estimated using ENERPASS weather files and domestic hot water profiles estimates by Perlman and Mills [21] .
An algorithm of the methodology used in this study is shown in Figure 1 .
According to 1993 SHEU database, 96.8% of houses in rural Nova Scotia are single detached (Statistics Canada [13] ). Therefore, only single detached houses were considered in this study. A district heating system for a hypothetical community was designed to determine the size of a district heating plant. The following assumptions were adopted:
• Table 1 shows the number of dwellings and house densities in few communities in Nova Scotia. Based on area and house density in Berwick (which represent the average Nova Scotian rural town), the area and the density of the hypothetical community was assumed to be 6.0 km 2 and 135 houses/ km 2 .
• 800 houses were assumed in the community.
• In Berwick, 81 % and 19% of the total houses were constructed before 1991 and after 1991 respectively (Statistics Canada [13] ). Based on this information, the houses in the hypothetical community were distributed as 81 % before 1993 and 19% in 1994. Further distribution of houses, constructed before 1993, was determined using the 1993 SHEU database. The remaining houses, constructed after 1993, were divided equally into one-andhalf storey and two storey groups. Assumed hypothetical community house distribution is shown in Table 2 .
• All 800 houses were distributed into 14 category clusters. For simplification, each category cluster consisted of all dwellings with same vintage and number of storeys.
• The total area of the each yard of house in a category cluster was assumed to be three times main floor heated area of the house.
• There were two streets in each category cluster intersecting each other at right angles at the center of the category cluster. The street length was determined by dividing the total number of houses in each cluster by two and multiplying it by the width of each house. To achieve the desired density (135 houses/km 2 ), all houses in the hypothetical community were placed only on one side of the street. The category cluster placement within the community was designed randomly to maintain the density and area assumptions. Figure 2 shows the heat transmission and distribution piping network layout in the town. Community peak and annual space heating and DHW energy demands were determined using the Equation 1. ;
Qr 7 ' -f According to NRCan [22] , network losses stay fairly constant over the year and for this study, the piping heat loss was assumed to be 2% of the community peak heating load based on piping losses in a district heating system in Stockholm, Sweden.
Greenhouse Gas (GHG) Emissions
A conventional system was designed as a base case and Greenhouse Gas (GHG) emissions of the conventional system were compared with a biomass district energy system. In a conventional system, each consumer's heating demand was met with an oil furnace. GHG emissions used in calculations for different residential fuels are given in Table 3 . To simplify the analysis, CH 4 and N 2 0 emissions were converted to "tons of CO 2 equivalent" using the Global Warming Potential Multiplier (GWP) (Fung [15] ). A GWP multiplier of 21 and 310 was used to convert one tonne of CH 4 emissions and N 2 0 emissions to equivalent CO 2 emission [15] .
Biomass heating boiler efficiency is calculated using Equation 2 (Omori [25] ). According to SHEU 1993 [13] , average efficiency of an oil based space heating system in Nova Scotia is 73%. Whereas according to NRCan [26] , seasonal efficiency of a larger biomass heating boiler lies between 60% and 90%. Fuel requirements for the conventional heating system and district heating system were estimated using these numbers.
RESULTS
B
'j E Effj·' -) K..t h@~t V2111~R@:qui.r~rl fer St~a.rn.GeniOntlCJ:1
For all 15 model houses, peak annual space heating and DHW energy demands were estimated using ENERPASS simulation program. Results are shown in Table 4 and Table 5 . Estimated annual space heating energy demands for one-and-a-half storey and two storey houses built between 1961 and 1978 were higher than the houses built between 1941 and 1960 and the houses built between 1978 and 1993. This is because houses built between 1961 and 1978 were bigger than the houses built between 1941 and 1960 and the houses built between 1978 and 1993. Houses built in 1994 had better insulation and low infiltration rates, but still had higher demands. This was due to the heat losses through mechanical ventilation systems. Further, single storey houses built in 1994 had more space heating energy demands than oneand-a-half storey houses because of more windows.
The average annual heating energy demands in one-and-one half storey and two storey houses were 15% and 21 % higher than the single storey houses. Estimated weighted annual average space heating demand of houses in Nova Scotia, in this study, is 81.5 GJ/house/year for houses built before 1993 and 73 GJ/house/year for houses built in 1994. Previous studies (Fung [15] , Fung et al. [16] and Fung et al. [17] ) estimated the annual space heating demands for all Nova Scotia houses built before 1993 and in 1994 as approximately 85 GJ/house/year and 72.3 GJ/house/year respectively.
Annual DWH consumption depends on the number of people living in the house. In old two storey houses (built before 1960), on average 3 people were living in a house, but in later years there were only 2 people living in a house Table 4 and Table 5 .
Estimated average hourly space heating demands for the hypothetical community in January month are shown in Figure 3 . The peak heating loads occur during morning hours. Estimated monthly heating demands show that peak heating demands occur in the months of January, February, and December ( Figure 4 ). (Table 6) . A load duration curve was developed from the community hourly heating loads ( Figure 5 ). Based on the above load duration curve, annual fuel energy demands for a conventional system and a biomass district heating system were calculated. Table 7 compares the fuel energy demand and GHG emissions between a conventional heating system and a biomass district heating system at different efficiencies. Assuming an efficiency of 60% in a biomass heating plant and 73% in conventional boilers, the fuel demand in a biomass district heating system is higher than that of a conventional system. But with a more efficient (90%) biomass heating plant, the fuel demand of the district heating system becomes less than that of a conventional system. Additionally, a biomass district heating system reduced the heating GHG emissions by an average of 8,918 tC0 2 annually, under all the conditions. 
CONCLUSION
Hourly and annual space heating demands calculated for the 15 model houses in the community using ENERPASS building simulation program were essential for sizing the district heating system and estimating community annual fuel requirements. In addition, the results obtained from this study can be used to conduct district heating system feasibility studies in rural communities across Nova Scotia.
Conventional systems have been compared with biomass system. Biomass district heating systems can be an effective tool in reducing the community fuel demand and GHG emissions. However, district heating system studies are very site specific.
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